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New oxyfluoride glasses containing Eu 3+ and Yb 3+ have been synthesized in the system Si0 2 -PbO-PbF,- 
CdF., and their physical-chemical properties and the optical absorption and up-conversion of luminescence 
have been studied. Intense orange-red luminescence (color coordinates x = 0.64, y = 0.36) peaking near 
612 nm was obtained by excitation in the IR range by a commercially available laser diode. This glass is 
promising for obtaining nano-phase luminescing glass-ceramics for use in up-conversion luminophores and 
solid-state lasers. 
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Oxyfluoride glasses and transparent nano-phase glass ce¬ 
ramics containing rare-earth ions, such as erbium, ytterbium, 
europium, thulium, holmium and praseodymium ions, are 
promising optical media for use in modem photonics [1 - 3]. 
Such materials combine attractive spectroscopic properties 
of low-phonon fluoride materials on the one hand and the 
production simplicity, high chemical stability, mechanical 
strength and optical quality of oxide materials on the other 
[4], The low energy of the matrix phonons (vibrations) low¬ 
ers the probability of nonradiative relaxation from an excited 
state, as a result of which luminescence, including up-con¬ 
version, is highly efficient [5], An entire series of 
oxyfluoride glass materials suitable for forming (by heating 
the initial glass) nanosize crystals with the chemical formula 
Ln¥ 3 (Ln = La, Y, Gd) [6, 7] or MF 2 (M= Pb, Cd, Sr, Ba) in 
the glass matrix has been proposed [8]. These materials are 
used in the producing optical amplifiers for fiber telecommu¬ 
nication systems, luminophores, sources of ‘white’ light 
based on LEDs, temperature sensors and up-conversion la¬ 
sers [9], 

Up-conversion is a process where the absorption of two 
or more photons results in light emission at a wavelength 
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shorter than that of the exciting light. In the process of suc¬ 
cessive absorption of photons an active ion transitions into a 
high-lying excited state. Such excitation can occur by means 
of three basic processes: energy transfer, absorption from an 
excited state and cross-relaxation. Specifically, in the first 
case the electronic-excitation energy is transferred from the 
auxiliary ion (sensitizer) to the emitting ion. This process can 
be highly efficient for the pair Yb 3+ -REE 3+ , where REE 3+ is 
a trivalent rare-earth ion with a developed energy-level struc¬ 
ture. The most common REE 3+ ions are Er 3+ , Tm 3+ , Ho 3+ and 
Pr 3+ [1 - 5]. The pair Yb 3+ -REE 3+ makes it possible to con¬ 
vert the infrared radiation of laser diodes into visible light. 

A new oxyfluoride glass in the system Si0 2 -Pb0-PbF 2 - 
CdF 2 co-activated by europium Eu 3+ and ytterbium Yb 3+ 
ions was chosen as the object of study in the present work. 
Such glass has a good potential for the production of trans¬ 
parent luminescing glass ceramics containing the nanocrys¬ 
talline phase REE 3+ :(Pb, Cd)F 2 [8, 10]. Activation by euro¬ 
pium ions Eu 3+ makes such glass and glass ceramics attrac¬ 
tive for developing luminophores for ‘white’ light-emitting 
diodes and red up-conversion lasers, while activation by yt¬ 
terbium ions Yb 3+ makes it possible to excite visible lumi¬ 
nescence by means of commercially available InGaAS semi¬ 
conductor laser diodes. 

The initial glass in the system Si0 2 -PbO-PbF 2 -CdF 2 
was synthesized by the conventional glass technology. The 
following chemical reagents were used as raw materials: 
amorphous silicon dioxide, lead oxide and lead and cadmium 
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Fig. 1. Differential scanning calorimetry curve for oxyfluoride in 
the system Si0 2 -PbO-PbF 2 -CdF 2 . 

fluorides. The main glass matrix was activated by europium 
oxide Eu 2 0 3 and ytterbium fluoride YbF 3 taken in a 1 : 1 ra¬ 
tio (molar content, %). The components of the batch were 
carefully mixed and placed in 20 ml corundum crucibles. 
The glass was synthesized at 900 ± 50 °C in an electric fur¬ 
nace in air in 0.5 h. The ready molten glass was extracted 
onto a smooth metal surface or into a metal mold, after which 
the glass was annealed at temperature 300°C in an electric 
muffle furnace and then allowed to cool to room tempera¬ 
ture. The glass samples obtained had a yellow hue. 

The main physical-chemical and optical properties of the 
synthesized glass were studied: softening temperature, linear 
thermal expansion coefficient (CLTE), density, microhard¬ 
ness, index of refraction, coefficient of absorption at wave¬ 
length 960 nm and color index. The concentration of the ions 
Eu 3+ and Yb 3+ in the glass matrix was calculated. 

Basic Properties of Oxyfluoride Glass 
with Eu 3+ and Yb 3+ Ions 


Synthesis temperature, °C. 900 ±50 

Softening temperature, °C. 380 ±5 

Density p, kg/m 3 . 5260 

CLTE, 10~ 7 K~ 1 .103 

Microhardness H, MPa. 3553.9 

Refractive index n .1.60 

Eu 3+ concentration N Eu , x 10 -20 cm - 3 .2.4 

Yb 3+ concentration N Yb , x 10 - 20 cm - 3 .1.2 

Absorption coefficient a a b s at wavelength 

960 nm, cm -1 .0.8 

Color index (CIE).Orange-red 


Differential scanning calorimetry performed on the sam¬ 
ples (Fig. 1) showed that the synthesized oxyfluoride glass 
co-activated by europium and ytterbium ions is characterized 
by the glass-forming temperature T g = 385°C. An exother¬ 
mal peak associated with the precipitation of a crystalline 
phase is observed at 508°C (T p ). The relatively large value 
of the thermal stability factor of the glass (A = T p - T ), 
equal to 123°C, indicates that a nanostructured transparent 
glass ceramic can be developed based on this glass [11], 

The optical absorption spectrum of the glass (Fig. 2) was 
measured in the region 300- 1100nm with a CARY 
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Fig. 2. Optical absorption spectrum of oxyfluoride glass, contain¬ 
ing the ions Eu 3+ and Yb 3+ , in the system Si0 2 -PbO-PbF 2 -CdF 2 : 
a) general form of the spectrum in the visible and near-IR region of 
the spectrum; inset) absorption band of ytterbium ions; b ) structure 
of the absorption band of the Eu 3+ ions (minus the ‘gray’ losses) and 
their interpretation. 


Varian-5000 spectrophotometer. To interpret the absorption 
bands of Eu 3+ ions the ‘gray’ losses due to light scattering 
were subtracted from the spectrum. The UV absorption edge 
of glass lies in the region about 350 nm. Bands which are as¬ 
sociated with transitions from the ground state 7 F 0 and the 
lower excited state "l) into the higher lying excited state 5 Dj 
and are characteristic for trivalent europium ions Eu 3+ are 
observed in the visible range of the spectrum. The strongest 
absorption band near 395 nm corresponds to the allowed 
transition 7 F 0 —> 5 L 6 . The peak absorption coefficient for this 
band corresponds to 2.2 cm '. This is responsible for the 
high efficiency of the direct excitation of Eu 3+ luminescence 
by InGaN-laser diodes. 

The intense absorption in the region about 1 pm is due to 
the characteristic transition 2 F 7 / 2 -A 2 F 5 / 2 for the ytterbium 
ions Yb 3+ . Specifically, at the wavelength 960 nm of com¬ 
mercially available InGaAs laser diodes the absorption coef¬ 
ficient of the glass equals 0.8 cm -1 , which determines the 
80% of the exciting light for a 2 mm thick sample. The effi¬ 
ciency of the excitation of ytterbium ions is less sensitive to 
the temperature-induced change in the wavelength of the la¬ 
ser-diode radiation because of the large width of the absorp¬ 
tion band (see Fig. 2). 
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TABLE 1 . Spectral position of the luminescence bands of oxyfluo¬ 
ride glass with direct excitation of Eu 3+ ions at the wavelength 
395 rnn 


Transition (Eu 3+ ions) 

Peak wavelength, nm 

Wavelength, cm 1 

5 Dl- 

■> 7 f 2 

546 

18,322 

a 

o 

1 

■>% 

578 

17,301 

a 

o 

1 

■> 7 Fi 

591 

16,926 

a 

o 

1 

■> 7 f 2 

612 

16,335 

1 

o 

Q 

■> 7 f 3 

651 

15,354 

5 d _ 
u 0 

■> 7 f 4 

700 

14,290 


The luminescence of oxyfluoride glass with Eu 3+ and 
Yb 3+ ions was recorded in the spectral range 500 - 1100 nm 
with excitation by a commercial laser diode at wavelength 
960 nm. A band due to the transition 7 F 5 / 2 —> 2 F 7 / 2 was ob¬ 
served in the region about 1 pm. The decay time of the lumi¬ 
nescence for this transition is 0.97 msec, which corresponds 
to the values for the best ytterbium laser glasses and indi¬ 
cates that the influence of nonradiative relaxation processes 
associated with defects and uncontrollable impurities as well 
as clusterization of active ions is weak. This confirms the 
high spectroscopic characteristics of the glass obtained. 

Luminescence bands whose position corresponds to the 
radiation from Eu 3+ ions with direct excitation at the wave¬ 
length 395 nm are observed in the visible region of the spec¬ 
trum (Table 1). 

This correspondence suggests that the Eu 3+ ions are ex¬ 
cited via the mechanism of cooperative energy transfer [12]. 
In this case, after a pair of close Yb 3+ ions absorbs two pho¬ 
tons with wavelength 960 nm the pair Yb 3+ -Yb 3+ in an inter¬ 
mediate ‘virtual’ state with energy 2f?( 2 F 5 / 2 ) is formed. 
Next, electronic excitation energy is transferred from this 
pair to a single Eu 3+ ion, the transition occurring in the state 
5 D] or 5 D 0 . Finally, radiative relaxation of Eu 3+ ions is ob¬ 
served to occur from the metastable (long-lived state) 5 D 0 
into the lower-lying states 7 F b 7 F 2 , 7 F 3 and 7 F 4 (Fig. 3). 

The strongest luminescence band near 612 nm is related 
with the allowed transition 5 D 0 -A 7 F 2 and determines the 
color of the luminescence of the glass. The CIE color coordi¬ 
nates were determined in order to describe more accurately 
the color characteristics that are important from the stand¬ 
point of luminophores. For the glass obtained these coordi¬ 
nates are x = 0.64 and y = 0.36, which corresponds to a satu¬ 
rated orange-red color. 

The high intensity of the orange-red luminescence of 
Eu 3+ ions is related with the closeness of the energies for the 
‘virtual’ state of the pair Yb 3+ -Yb 3+ and the energy of the ex¬ 
cited states 5 Dj for the ion Eu 3+ . It is mainly due to the corre¬ 
sponding choice of the oxyfluoride glass-forming system for 
synthesizing glass. 

A series of bands (marked by the symbol *) associated 
with the up-conversion luminescence of the erbium ions Er 3+ 
is present in the luminescence. Their presence is due to the 
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Fig. 3. Photoluminescence oxyfluoride glass containing Eu 3+ and 
Yb 3+ in the system Si0 2 -Pb0-PbF 2 -CdF 2 with excitation at the 
wavelength 960 nm (marked by arrow) and its interpretation: * indi¬ 
cates up-conversion luminescence of the impurity ions Er 3+ . 


uncontrollable impurity ErF 3 in the reagent YbF 3 and is re¬ 
lated with the technology of its production. At the same time 
the integral intensity for these bands does not exceed 2% of 
the intensity of Eu 3+ bands. A particularity of the ytterbium 
glasses is clusterization of Yb 3+ ions, which manifests in the 
light-blue luminescence near 480 mu. The integral intensity 
of this luminescence is extremely weak for the synthesized 
glass; this indicates that the distribution of the Yb 3+ ions in 
the glass matrix is uniform. 

The synthesized glass shows a significant potential for 
creating a nano-phase oxyfluoride glass ceramic containing 
lead fluoride PbF 2 nanocrystals whose crystal lattice incor¬ 
porates the ions Eu 3+ and Yb 3+ . At the same time it has not 
been ruled out that cadmium ions Cd 2+ also enter into PbF 2 
lattice with the nanocrystals Eu, Yb:(Pb, Cd)F 2 being 
formed. At 300°C the PbF 2 crystals undergo a phase transi¬ 
tion from the high-temperature cubic phase (P-PbF 2 ) into the 
low-temperature orthorhombic phase (a-PbF 2 ) [13]. The 
phase [3-PbF 2 is chemically unstable at normal temperature 
and moisture content. At the same time it is this phase that is 
most attractive for optical applications. For this reason, by 
introducing this phase into the glass matrix by means of 
heat-treatment of the glass at temperatures above 300°C it is 
possible to overcome the problem of chemical instability and 
at the same time obtain a relatively large volume fraction of 
lead fluoride P-PbF 2 in the glass matrix. Specifically, prelim¬ 
inary experiments on heat treatment of the initial glass at 
temperatures 380 - 420°C indicate the formation of nanosize 
crystals Eu, Yb:(Pb, Cd)F 2 . 

New oxyfluoride glasses co-activated by europium and 
ytterbium ions and characterized by intense orange-red lumi¬ 
nescence in the visible region of the spectrum were obtained 
in the course of these investigations. It was shown that the 
pair Yb 3+ -Eu 3+ in this glass matrix can be used to convert in¬ 
frared laser radiation into visible light. It was proposed that 
the excitation of Eu 3+ ions occurs via the mechanism of co¬ 
operative energy transfer. The synthesized glasses hold 
promise as a base for creating nano-phase up-conversion lu¬ 
minescing glass ceramic for up-conversion luminescing 
luminophores and solid-state lasers. 
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